Modifying the optical characteristics of rare earth (RE) doped inorganic glasses by stimulating surface plasmon resonance (SPR) via controlled growth of metal nanoparticles (NPs) is an outstanding quest in glass plasmonics. Glasses with composition 70TeO 2 -20ZnO-10Na 2 O-(x)Er 2 O 3 -(y)Au (x = 0.0 and 1.0 mol%; y = 0.0 and 0.6 mol% both in excess) are synthesized using melt-quenching technique and characterized. Influences of heat treatment temperature on the growth of Au NPs and their subsequent impacts on Raman spectral features modifications are inspected. The amorphous nature of glass is confirmed by using XRD. TEM reveal the nonspherical Au NPs with average diameter vary from 7.4 to 10.3 nm. Surface plasmon band is evidenced around 627 − 632 nm. Raman spectra demonstrate the presence of Er−O and Zn−O bond, anti-symmetric vibrations of Te−O−Te bonds and stretching modes of non-bonded oxygen exists in TeO 3 and TeO 3+1 unit. The amplifications in Raman signals by a factor of 1.39, 1.40, 0.88 and 1.29 and 1.25 corresponding to the peak centered at 262, 382, 536, 670 and 725 cm -1 are attributed to the contribution of a surface plasmon (SP) generating a strong, localized and secondary field. The excellent features of the results suggest that our systematic method of controlled NPs growth may constitute a basis for improving the spectral features of tellurite glasses useful for the development of efficient and economic up-converted lasers.
INTRODUCTION
During past two decades, the study of energy transfer processes in glasses attracts large attention due to their efficient visible luminescence when doped with RE ions [1] . However, the optical gain can only increase up to a certain point with the increase of RE ions concentration which gets quenched thereafter due to the formation of RE ions cluster. To overcome this shortcoming metals NPs are inserted into the glass as sensitizers. In fact, various RE ions doped glasses containing metal NPs are shown to possess enhanced photoluminescence properties suitable for sundry applications [2] [3] [4] . SPR is an optical phenomenon arises from the interaction between an electromagnetic field and the conduction electrons in a metal. Under the irradiation of light, the conduction of electrons in a metal nanostructure surface driven by the incident electric field produce collective oscillation (called surface plasmon) at a resonant frequency relative to the lattice of the positive ions [3, 4, 6] . Interestingly, the enhancement in local electromagnetic field which is close to surface roughness due to the excitation of a SPR is able to amplify the Raman intensity. The optimization of the Raman amplification is of paramount interest for applying the Surface Enhanced Raman Scattering (SERS) technique [4, [7] [8] [9] . The improvement in SERS and plasmon excitations processes include the induced SPR effect by manipulating the NPs structures, sizes and dielectric constant [5, [10] [11] [12] [13] [14] [15] [16] .
In this paper, the effect of heat treatment with varying annealing temperature to grow the Au NPs of desired sizes inside the glass matrix is demonstrated. Tuning the sizes of Au NPs is capable of generating strong SPR effects responsible for optical modification. Further, the interconnections between SPR with luminescence and Raman intensity is explored. Table 1 ) with nominal composition 70TeO 2 -20ZnO-10Na 2 O-(x)Er 2 O 3 -(y)Au (x = 0.0 and 1.0 mol%; y = 0.0 and 0.6 mol% both in excess) were prepared using melt-quenching method. Starting powdered raw materials of TeO 2 , ZnO, Na 2 O, Er 2 O 3 and Au from Sigma Aldrich with 99.9% purity were mixed thoroughly. A platinum crucible containing the glass constituents was placed in a furnace operated at 900 °C for 25 min before the melt was put in a brass mould upon the completion of melting process. Subsequently, the sample was transferred to an annealing furnace and kept for 3 h at 295 °C to remove the thermal and mechanical strains completely. The samples were then cooled down to room temperature before polishing and subjected to heat treatment at 325, 350, 375 and 400 °C for the duration of one hour allowing the growth and nucleation of Au NPs. Finally, the samples were cut and polished for the structural and optical measurements.
EXPERIMENTAL

Series of glasses (enlisted in
The amorphous nature of glass was examined by using Xpert Pro diffractometer (PANalytical B.V., Netherlands) with Cu Kα radiations (λ = 1.54 Å) at 40 kV and 40 mA, scanning angle 2θ ranges between 10 − 80°. Transmission electron microscopic measurement was performed using a Philips CM12 operating at 200 kV with Dock version 3.2 image analysis. Raman measurement was performed using a confocal Horbia Jobin Yvon (Model HR800 UV) with Argon ion laser (excitation wavelength 514.55 nm) that operates at 20 mW in the range of 100 − 850 cm -1 . Figure 1 shows the XRD spectra of glasses without and with heat treatment at 350 °C. The presence of a broad hump between 25 − 35° without any sharp crystallization peaks confirms the amorphous nature of the heat treated glass sample. Sample (TZNA) with 0.6 mol% of Au and without Er 2 O 3 is subjected to identical thermal treatment at different annealing temperature to locate the plasmon band. Fig. 2 (a) clearly reveals the manifestation of plasmon peak accompanied by a continuous red shift (from 630 − 632 nm) with increasing mean diameter of NP [3] . However, a decrease in size of the metal NPs that causes a blue-shift (from 632 − 627 nm) in UV-Vis spectra is clearly evidenced for TZNA0.6-375 and TZNA0.6-400 samples [6] .
RESULTS AND DISCUSSION
TEM micrograph in Fig. 2(b) , (c) and (d) reveals the presence of non-spherical gold NPs in the glass matrix. Average diameter of NPs in the non-heat-treated glass sample is discerned to be ~8.6 nm. The NPs grow upon heat treatment (TZNEA glass as reference). Figure 2 (c) and (d) displays the TEM images of heat-treated glass samples at temperatures of 350 and 400 °C with estimated NPs average diameter of 10.3 and 7.4 nm, respectively. The growth and formation of bigger NPs is interpreted via the mechanism of coalescence of smaller NPs following Ostwald's ripening process [7] . Heat treatment at higher temperature caused thermally agitated fragmentation and thereby reduced the NPs mean sizes [8] . 
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Main Tendencies in Applied Materials Science corresponds to TeO 3 tp and Er−O bond and at 382 cm -1 (B) is assigned Zn−O bond vibrations [11] . The peak appearing at 536 cm -1 (C) is allocated to the bonds in Te−O−Te bridging configurations with higher oxygen coordination. These bands are originated from the symmetrical bending and stretching modes of continuous chains of corner sharing TeO 4 , TeO 3+1 and TeO 3 polyhedra [12] . The observed peak at 670 cm -1 (D) is originated from the anti-symmetric vibrations of Te− eq O ax −Te bonds [13] . The peak located at 725 cm -1 (E) is assigned to the symmetric stretching vibrations between Te and NBO in TeO 3+1 units or stretching mode of TeO 3 unit most likely to Te=O bond stretching in O=TeO 2 units [14] . These five peaks belonging to different linkages A, B, C, D and E in the glass matrix as referred display maximum intensity enhancements by a factor of 1.39, 1.40, 0.88, 1.29 and 1.25 times, respectively. Spectral intensities as shown in Fig. 3(b) are determined to be strongly guided by the HT temperature. Raman intensity is found to enhance significantly as the annealing temperature is increased to 350 °C. This enhancement is ascribed to the growth of Au NPs with average size of 10.3 nm that induced an intense localized electromagnetic field in the interface of Au NPs and dielectric host [11] . However, the observed continual attenuation in the Raman intensity for glass heat treated at 375 and 400 °C is attributed to the decrease in Au NPs sizes as evidenced from TEM image (size of Au NPs shrink to 7.4 nm for TZNEA-400 glass). The collective oscillations of Au NPs conduction electrons is modified as NPs shape or size of are varied during HT at different annealing temperature [15] . This contributed differently to the enhancement or attenuation in Raman intensity. The partial energy level diagram of Er 3+ ion as depicted in Fig. 4 is used to interpret the mechanisms involved for Au NPs stimulated SPR mediated spectroscopic modifications of erbiumzinc-sodium-tellurite glass. The up-conversion emissions shown at 503, 546 and 637 nm (as shown in Figure 4(a) ) are occurred through the combined consequences of ground state absorption (GSA), excited state absorption (ESA), energy transfer (ET), multi-phonon relaxation process (MRP), R (radiative decay), NR (non-radiative decay) and local field effect (LFE) due to gold NPs. The laser beam of 779 nm wavelength excites the Er 3+ ions to 4 I 9/2 excited states, where a fast NR decay through multi-phonon relaxation process leads to populate the 4 I 11/2 and 4 I 13/2 excited states. The NR decays from 4 F 3/2 (and 4 F 7/2 ) to 2 H 11/2 and 4 S 3/2 populate these levels which is responsible for the origin of green emissions, while NR decay from 4 S 3/2 to 4 F 9/2 populate the later level that gives rise to the red emission. 
CONCLUSION
The nucleation and growth of pure Au NPs via controlled heat treatment in Er 3+ doped zincsodium tellurite glass triggers the significant enhancement in Raman intensity were established. The red and blue-shift of plasmon band renders valuable information regarding the symmetry, shapes and sizes of gold NPs distributed in the entire glass matrix. The variation in NPs size in range of 7.4 − 10.3 nm evidenced from TEM micrograph is highly useful to elucidate the tunable location of plasmon band in range of 627 -632 nm. Thermal treatment up to 350 °C remarkably stimulates the plasmonic effects that enhance the spectral features due to the formation of bigger gold NPs with average diameter of 10.3 nm. The change in Raman intensity mediated via NPs arises from the changes in size by heat treatment. The large enhancement in optical properties triggered by nonspherical Au NPs mediated SPR nominate these glasses is potential candidate for solid state lasers, colour displays and versatile photonic devices.
